The maximum additional burden of water-and wastewater-related disease of 10 À6 disabilityadjusted life year (DALY) loss per person per year (pppy), used in the WHO Drinking-water Quality Guidelines and the WHO Guidelines for Wastewater Use in Agriculture, is based on US EPA's acceptance of a 70-year lifetime waterborne cancer risk of 10 À5 per person, equivalent to an annual risk of 1.4 Â 10 À7 per person which is four orders of magnitude lower than the actual all-cancer incidence in the USA in 2009 of 1.8 Â 10 À3 pppy. A maximum additional burden of 10 À4 DALY loss pppy would reduce this risk to a more cost-effective, but still low, risk of 1.4 Â 10 À5 pppy. It would increase the DALY loss pppy in low-and middle-income countries due to diarrhoeal diseases from the current level of 0.0119 pppy to 0.0120 pppy, and that due to ascariasis from 0.0026 pppy to 0.0027 pppy, but neither increase is of public-health significance. It is therefore recommended that the maximum additional burden of disease from these activities be increased to a DALY loss of 10 À4 pppy as this provides an adequate margin of public-health safety in relation to waterborne-cancer deaths, diarrhoeal disease and ascariasis in all countries.
INTRODUCTION
The choice of an appropriate value for the maximum tolerable additional burden of disease, expressed as a DALY (disability-adjusted life year) loss per person per year (pppy) due to water-related activities (such as drinking water, using wastewater in agriculture and/or aquaculture, or swimming in recreational waters), is crucial because it sets the resulting tolerable disease and infection risks, as follows: ''Whether the assumed risk should be one in 100 000 or one in a million is a value judgment. However, the greater 
HIGHER MAXIMUM DALY LOSSES
The WHO Drinking-water Quality Guidelines (2008) ''Wastewater treatment may be considered to be of a low priority if the local incidence of diarrheal disease is high and other water-supply, sanitation and hygiene-promotion interventions are more cost-effective in controlling transmission.
In such circumstances, it is recommended that, initially, a national standard is established for a locally appropriate level of tolerable additional burden of disease based on the 
Diarrhoeal disease
The US Environmental Protection Agency accepts a waterborne-disease infection rate of 10 À4 pppy and, using a disease/ infection ratio of 0.1 (as used by US EPA), this is equivalent to a waterborne-disease risk of 10 À5 pppy (Macler & Regli 1992) . Haas (1996) comments on the use of this tolerable waterborne-disease infection risk of 10 À4 pppy as follows:
''It is becoming apparent that some key factors used for computing the 1:10,000 level of acceptable risk may not be correct. y The total burden of waterborne illness asso- Support for Hass' viewpoint also comes from the current extremely high global incidence of diarrhoeal disease which, in order-of-magnitude terms, is 0.1-1 pppy (Table 1) . A tolerable diarrhoeal disease risk of 10 À2 -10 À1 pppy, equivalent to a 10 À4 DALY loss pppy (Table 2) , is an order of magnitude lower than the current global incidence of diarrhoeal disease.
For an individual this is equivalent to an additional episode of diarrhoeal disease once every 10 years, which is scarcely a matter of significant public health concern.
Further support for a 10 À4 DALY loss pppy comes from the fact that in low-and middle-income countries diarrhoeal were in the range 10 À8 -10 À10 pppy -i.e., at least four orders of magnitude lower than the value of 10 À4 pppy accepted by US EPA as the tolerable waterborne-disease infection risk from drinking fully-treated drinking water (Macler & Regli 1992) .
These two lessons raise two important questions:
(1) whether the risks from consuming wastewater-irrigated foods should be so much lower than those from drinking fully-treated drinking water, and (2) whether very large expenditures on wastewater treatment to achieve such very low risks are justified. If the answer to the first question is 'No', and there does not appear to be any valid reason why the answer should not be 'No', then it follows that the answer to the second question is also 'No'. This demonstrates the need to base decisions on actual risks to health, rather than on merely potential risks, as recommended by WHO (1989) .
DISCUSSION
QMRA models the risks to exposed individuals resulting from exposure to a single pathogen, whereas exposed individuals are exposed to all pathogens present in the exposure medium.
This limitation can be at least partially overcome by conducting QMRA-Monte Carlo risk simulations for all pathogens present, or likely to be present, in a particular exposure medium for which there are dose-response data -for example, Mara et al. (2007) performed risk simulations for rotavirus, Campylobacter and Cryptosporidium for both restricted and unrestricted irrigation and found that the QMRA-Monte
Carlo simulated risks for Campylobacter and Cryptosporidium were always lower than those for rotavirus; and Mara et al.
(2010) and Scheierling et al. (2010) found that the simulated risks for norovirus and rotavirus in unrestricted irrigation were broadly similar, whereas those for Ascaris were not.
This suggests that, for wastewater use in agriculture, routine
QMRA-Monte Carlo risks simulations for norovirus and
Ascaris would be sufficient, although of course this should be checked for every set of exposure conditions.
The calculations given herein may seem to represent a somewhat 'cold' and/or 'mechanical' approach to the evaluation of tolerable risk, especially as society perceives risk in an essentially more emotional way. For example, most individuals expect the water they drink and the food they eat to be 'perfectly safe' -that is to say, they expect that there should be, or unthinkingly assume that there is, no risk associated with the water and food they consume, whereas of course there is no such thing as a zero risk (the risk may be extremely small, but it is not zero). Moreover they do not normally make any comparison between risks due to different causes.
Thus, whereas society may reluctantly accept that fatal road traffic accidents (RTA) and homicides do from time to time occur, it might be more reluctant to accept that cancer could occur as a result of drinking fully-treated drinking water. Yet the risks involved, when expressed numerically, do not support such a position -for example, as shown in Table 3 , the global risks of homicide and dying from an RTA are 7.7 Â 10 À5 pppy and 1.9 Â 10 À4 pppy, respectively, and for the USA these risks are 6.1 Â 10 À5 pppy and 1.9 Â 10 À4 pppy -i.e., two and three orders of magnitude greater than the US EPA-accepted maximum risk of a waterborne cancer of 1.4 Â 10 À7 pppy. This indicates that society should be 100-1000-times more worried about dying from these causes than it is about waterborne cancers. That this is not the case suggests that society needs to be better educated about the risks it runs, rather than being content to rely on ill-founded perceptions of risk or on less-than-perfect guidance on risk acceptability from governmental agencies. This is pertinent in all countries, but especially so in low-income countries which can ill afford to provide high levels of protection against lowrisk events like waterborne cancers.
Policy makers in all countries need to be able and willing to justify in detail the decisions they make on levels of Conversely, the deprivation of income itself has adverse health effects -for example, an increased incidence of stress-related problems including ulcers, hypertension, heart attacks, depression, and suicides. It is difficult to 2. It is therefore recommended that the maximum additional burden of disease from these activities be increased to a DALY loss of 10 À4 pppy. This is likely to be much more cost-effective, yet still provide adequate margins of 3. Legislators/regulators should always be asked to justify the decisions they make on levels of tolerable risk and to detail the cost implications and cost-effectiveness of these decisions.
